). 8 It is interesting to note in this connection that Rouse's observers confused green with blue, during their training period, much more often than any other pair of stimuli. 9 The word adaptation is used in this paper to signify a change of state in a biological mechanism, which alters the operation or sensitivity of the mechanism to meet different circumstances. Some authors recently have used the word in a sense which may turn out to be broader than this when we find out how the mechanisms which they are considering operate, e.g., Schouten and Ornstein, J. Opt. Soc. Amer., 29, 168-182 (1939 Although investigators have suggested for many years that inert gases cause narcosis by acting on the lipid-containing membranes of excitable cells, a direct demonstration of this localization has not been forthcoming. In contrast, Pauling1 has recently suggested that inert gases induce narcosis by seeding aqueous clathrate microcrystals in cells, which impede the ion movements that are thought usually to accompany excitation. In support of this idea he has shown that the anesthetic potency of inert gases is systematically related to the stability of their clathrates and to the electronic polarizability of their molecules or atoms. He refers to the cellular lipids as insulators and suggests that they are not primarily involved in narcosis. Miller2 has also recently suggested that inert gases produce narcosis by forming hydrates not necessarily in strictly stoichiometric proportions, i.e.; "icebergs," with the water in or around excitable cells. Both authors mention the instability of such complexes at 370C and invoke the cooperation of materials intrinsic to the organism to explain structuring of water to a significantly increased degree at partial pressures of inert gases which actually cause narcosis. Miller suggests that "iceberg" formation may occur particularly at interfaces and alter the physical state of membranes, decreasing their electrical and chemical reactivity. For example, if it is assumed that a free energy of activation determines penetration through a nerve membrane and contiguous material and thus regulates excitability,3 then the action of the narcotic might be described as increasing this
Although investigators have suggested for many years that inert gases cause narcosis by acting on the lipid-containing membranes of excitable cells, a direct demonstration of this localization has not been forthcoming. In contrast, Pauling1 has recently suggested that inert gases induce narcosis by seeding aqueous clathrate microcrystals in cells, which impede the ion movements that are thought usually to accompany excitation. In support of this idea he has shown that the anesthetic potency of inert gases is systematically related to the stability of their clathrates and to the electronic polarizability of their molecules or atoms. He refers to the cellular lipids as insulators and suggests that they are not primarily involved in narcosis. Miller2 has also recently suggested that inert gases produce narcosis by forming hydrates not necessarily in strictly stoichiometric proportions, i.e.; "icebergs," with the water in or around excitable cells. Both authors mention the instability of such complexes at 370C and invoke the cooperation of materials intrinsic to the organism to explain structuring of water to a significantly increased degree at partial pressures of inert gases which actually cause narcosis. Miller suggests that "iceberg" formation may occur particularly at interfaces and alter the physical state of membranes, decreasing their electrical and chemical reactivity. For example, if it is assumed that a free energy of activation determines penetration through a nerve membrane and contiguous material and thus regulates excitability,3 then the action of the narcotic might be described as increasing this activation energy and preventing excitation when the agent is present in sufficient amount.
Because of our interest in interfacial films as models of cellular membranes and because of the large body of evidence relating the processes of excitation to alterations in the properties of lipoidal membranes, we have done experiments to determine how strongly inert gases interact with surface films on water. This information might permit a judgment on whether such interactions occur to a significant extent at cellular interfaces, and is the basis for this preliminary report.
We spread films on distilled water at room temperature (24-25"C) in a teflon trough enclosed in a plexiglas chamber and measured surface tension with a platinum plate hanging from a strain gauge. A current of air saturated with water vapor at room temperature passed slowly over the surface of the trough. We added sufficient material to the surface to lower surface tension 2-10 dynes per cm. In this range, the initial value of tension had little effect on the results. After the tension stabilized, a mixture of gases containing an anesthetic, saturated with water vapor, and equilibrated to room temperature, was passed over the surface until the surface tension was steady. When air was again passed over the trough, surface tension returned to its initial value. This sequence could be repeated many times in several hours and gave reproducible results. Although we actually measured changes in surface tension, we prefer to express them as changes in film pressure, especially since inert gases can lower tension much more when a film is present than when the surface is very clean (Fig. 4) . We did initial experiments with films of pure stearic acid, cholesterol, or synthetic lecithin, and the results were similar to those given below. Later experiments were done with films of a complex lipoprotein extracted from beef lung4 because we think its composition is closer to that of cellular membranes. Table 1 gives the results of a single sequence in which six gases were presented in order of increasing effect. Each gas was purged from the system with flowing air, and surface tension returned to the initial value before the succeeding gas was admitted. Each agent having a vapor pressure less than one atmosphere was presented in air saturated both with water vapor and with the agent at room temperature.
We calculated from our data that the quantity of nitrous oxide sorbed in the interface at the narcotic partial pressure for mice determined by Carpenter,16 is 1.6 X 10-11 mole per square centimeter. Since the sorption-vapor pressure curves are linear in the ranges of partial pressure actually used and the rise in film pressure is proportional to the number of agent molecules sorbed per unit area of surface,' we PROC. N. A. S interpolated from our observed effects the partial pressures of the other agents in equilibrium with 1.6 X 10-11 mole of sorbate per square centimeter. Figure 1 shows these equilibrium pressures plotted against the molar refractions of 11 agents, varying over a potency range of about 500-fold. The points falling farthest from the curve represent compounds that are known to have significant dipole moments. Measurements of dipole moment are available for CH3I, C2H5Cl, and CHC13, and when a rough correction to their total polarization is made, assuming an average field strength of 8 X 105 volts per centimeter in the interface, their points fit the curve ( Fig. 2 ) somewhat better.
In Figure 3 From a more nearly operational point of view, we can express our results in this general statement: inert gases at partial pressures sufficient to bring about a standard effect in a biological system act on a lipoprotein-water interface to cause a standard decrease of 0.39 dyne per centimeter in the interfacial tension. This effect corresponds to the addition of less than 1 per cent to the mass of the interfacial region and, as force-area isotherms at high film pressure show, the agents do not displace film material from the surface. Since the area, temperature, and volume of the interfacial region are substantially constant, this effect corresponds in turn to a decrease of 0.39 erg per square centimeter in the differential free energy of the interface. It can be visualized as a tendency to expand the film, to replace water in the interface, or to reduce the energy of the interface by interaction between water and the agent, or by a combination of these processes.
The lack of quantitatively similar changes in the absence of a surface film (Fig.   4) is not consistent with the idea that the interaction occurs solely with water. The necessity for a film suggests that the interaction occurs with the film or that the PROC. N. A. S. structured by the film. Thus, the quasicrystalline state of even a liquid surface film may provide the restraints necessary to stabilize water-narcotic complexes. Since cellular membranes are rich in lipid and since lipid films enhance the interfacial interaction very strongly, it is reasonable to think that the effect of nonpolar agents is greatest at the membranes. In this view, the difference between hydrate and lipid theories of inert gas narcosis becomes indistinct and the essence of the reaction would seem to be the formation of lipidprotein-water-agent "complexes" in cellular membranes. This hypothesis at once suggests how the chemical and electrical reactivity of excitable structures may be decreased by inert gases. Either the replacement of water in the interface by nonpolar agents or the stabilizing of water-membrane complexes by such agents would be expected to increase the free energy of activation for passage of material through the interface and thus to impede depolarization. This description likens the membrane to a semiconductor in which current flow depends on the "activated formation of holes" and in which altering the composition of the semiconductor can modify the energy of "hole" formation and vary its resistance. (Incidentally, a mechanism for cold anesthesia follows directly from this description.) Such considerations are also related to theories of permeation through monolayers and to the dependence of permeability on film pressure in solid films or on film viscosity in liquid films.3"-5
In addition, such a description is consistent with the experimental observation that inert gases, like local anesthetics of the cocaine type, block nerve conduction without depolarizing the membrane. An interesting comparison can be made between the number of gaseous and the number of crystalloidal narcotic molecules sorbed per unit area of interface when the agents are presented at minimum blocking concentrations. Using published partial pressures for conduction block in the rat sciatic nerve'6 in conjunction with our data for sorption of gases into the lipoprotein-water interface, we calculate that 18.6 X 1O03 gas molecules are sorbed per square centimeter at the blocking pressure, corresponding to a change of 7.7 dynes per centimeter in film pressure. Skou's data8 show that an average of 8.7 X 1013 local anesthetic molecules are sorbed per square centimeter of lipid-water interface at the minimum concentrations for blocking conduction in the frog sciatic nerve, and correspond to an average change of 6.9 dynes per centimeter in film pressure. Thus, the in vitro surface concentrations and effects of two very different types of agents are similar when they are presented to a lipid-containing interface at concentrations which give similar biological effects. Like the inert gases, the local anesthetics act much more strongly at a lipid-containing interface than at the clean-water surface.8 In this instance too, the correlation between the behavior of the biological system and the interfacial model is improved when the latter contains lipid, suggesting once more that the biological effects of narcotics are enhanced at lipid-water junctions, such as cellular and subcellular membranes, and that even a nonspecific theory of narcosis should rest at least in part on the properties of lipids.
The energy of sorption of inert gases in vivo and in vitro deserves some comment. In neither case do we know the thermodynamic activity of receptor material or of receptor-narcotic "complexes," but since equilibrium with the agents is brought about, and since none was used at a "nonideal" pressure, ratios of agent activities can be taken as the ratios of their effective pressures. On the reasonable assumption that receptor and complex activities are identical for a given effect either in vivo or in vitro, though not necessarily identical in both systems, the differences can be calculated from A (AF0) = -2.3RT logio P1/P2. For example, AF0cc14
-AF0He = -6,200 cal/mole of agent, using data of Figure 5 and T = 370C. Since AFPHe must be at least -RT, AFOcc14 must be at least -6,820 cal/mole. In the range from N20 to CCl4 (Fig. 1) Precisely timed and localized removal of structural tissue elements in delicate balance with synthesis is essential to normal growth and development. To date, there is little evidence in animal tissues for specific enzyme systems functioning in the removal of particular structural components. Collagen, representing a major fraction of animal protein, is removed rapidly during remodelling processes;
